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(54) Efficient storage of data items of different sizes 

(57) Electronic data storage apparatus, particularly suited for implementation in EEPROM, comprises a one 
dimensional memory array (10) having a first end (12) and a second end (14) and is adapted to store first data 
entries having a first predetermined size in a first data stack (18) and to store second data entries having a 
second predetermined size differing from that of the first data entries in a second data stack (22). Data items 
are each stored in the stack having the smallest data entry size which will accommodate the item. One or more 
additional floating stacks (24) may be provided between the first and second stacks for storing data entries of 
one or more additional sizes. The addition of entries to and the deletion of entries from the stacks is performed 
so as to minimise re-writing of existing data and to minimise fragmentation of data. The apparatus makes 
more efficient use of available memory than data storage arrangements in which all data items are stored as 
entries of equal size regardless of the sizes of the items. 
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At least one drawing originally filed was informal and the print reproduced here is taken from a later filed formal copy. 
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"ELECTRONIC DATA STORAGE" 

This invention relates to improved electronic data storage apparatus. More 
particularly, the invention relates to improved electronic memory apparatus adapted 
for the storage of data entries occupying memory locations of fixed, predetermined 
size. 

In certain electronic data storage applications, data entries are stored in a stack- 
type array, in which each data entry occupies an equal, predetermined amount of 
memory sufficient to accommodate the largest allowable data entry, regardless of 
whether a particular data entry requires the full amount of the memory allocated 
for each entry. Accordingly, for a given total amount of memory a fixed number of 
data entries can be accommodated, and a certain proportion of the total memory 
capacity will remain unoccupied, even when the maximum number of data entries 
have been stored. 

This situation arises, for example, in mobile telephones where "short code data- 
is stored in Electronically Erasable Programmable Read Only Memory (EEPROM). In 
this case each entry is allocated an amount of memory sufficient to accommodate, 
typically, a location number, a telephone number and a name and/or other data 
associated with the telephone number. This data is input by the user, who often 
will not make use of all of the possible data storage capacity for each entry. 

The invention provides data storage apparatus for the storage of fixed length data 
entries which makes more efficient use of the total available storage capacity. 

In accordance with the invention there is provided data storage apparatus 
comprising a one dimensional memory array having a first end and a second end 
and adapted to store first data entries having a first predetermined size in a first 
data stack extending from said first end thereof and to store second data entries 
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having a second predetermined size differing from said first predetermined size in 
a second data stack extending from said second end thereof. 

Data items to be stored are preferably stored in that one of said first and second 
stacks for which the size of the corresponding data entry exceeds the length of the 
data item by the least amount. New data entries are preferably added to the tops 
of the first and second stacks so as to minimise re-writing of existing data. 

When a data entry is deleted from one of said first and second stacks, the data 
entry at the top of the stack from which the entry is deleted is preferably moved 
to occupy the space vacated by the deleted entry. 

The apparatus preferably further includes a third data stack located between said 
first and second stacks for storing third data entries having a third predetermined 
size differing from said first and second predetermined sizes. The size of the third 
data entries is preferably greater than that of the first and second data entries. 

The third stack preferably has a first end adjacent the top of said first stack and.a 
second end adjacent the top of said second stack, and new data entries added to 
said third stack are preferably added to that end of the third stack which is furthest 
removed from the top of the adjacent first or second stack. 

The third stack preferably has a first end adjacent the top of said first stack and a 
second end adjacent the top of said second stack, and when a data entry is deleted 
from said third stack, the data entry at that end of the third stack which is closest 
to the top of the adjacent first or second stack is preferably moved to occupy the 
space vacated by the deleted entry. 

If there is insufficient space between the top of said first or second stack and the 
adjacent end of said third stack for a first or second data entry to be added to the 
top of said first or second stack, the data entry stored at said adjacent end of said 
third stack is preferably moved to the opposite end of said third stack. 
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The memory array is preferably provided by electronically erasable, programmable, 
read only memory, means. 

Embodiments of the invention will now be described, by way of example only, with 
reference to the accompanying drawings in which: 

Figure 1 is a schematic representation of a first embodiment of data storage 
apparatus in accordance with the invention; 

Figure 2 shows the data storage apparatus of Figure 1 following deletion of a data 
entry; 

Figure 3 is a schematic representation of a second embodiment of data storage 
apparatus in accordance with the invention; 

Figure 4 shows the data storage apparatus of Figure 3 following the addition of a 
data entry; and 

Figure 5 is a block diagram representation of a data processing system 
incorporating the data storage apparatus of the present invention. 

Referring now to the drawings, Figure 1 shows a first embodiment of a memory for 
data storage in accordance with the invention. The memory comprises a one 
dimensional array 10 having a first end 12 and a second end 14, and having a 
predetermined total capacity. Accordingly, the array can accommodate a 
predetermined number of data entries of equal predetermined size. In accordance 
with the invention, first data entries 16 of a first predetermined size are added at 
the first end 12 of the array 10, forming a first stack 18, and second data entries 
20 of a second predetermined size greater than that of the first data entries are 
added at the second end 14 of the array 10, forming a second stack 22. As data 
entries are added, the stacks 18, 22 grow in size towards the middle of the array 
10. Each stack is a contiguous section of memory, allowing simple access to the 
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data and scanning of the entries. The shaded portion of the array 10 between the 
stacks represents available free memory. 

Herein, the end of each of the stacks 18, 22 closest to the middle of the array will 
be referred to as the "top" of the stack, and the end of each of the stacks 18, 22 
at the respective ends 12, 14 of the array 10 will be referred to as the "bottom" 
of the stack. 

When an item of data is to be added to the memory, it is stored as a first data 
entry 1 6 in the first stack 1 8 if the length of the data item is less than or equal to 
the predetermined size of the first data entries 16. Otherwise, it is stored as a 
second data entry 20 in the second stack 22. In this way, smaller data items 
occupy less memory than would be the case if all data items were stored as data 
entries of equal size large enough to accommodate the longest allowable data item, 
so that more efficient use is made of the total available memory capacity of the 
array 10. 

The invention is particularly intended to be applicable to EEPROM storage. Since 
the writing of data in EEPROM takes a relatively long time, it is desirable to 
minimise the extent to which existing data is required to be re-written when a data 
entry is added. For this reason, it is preferred that new data entries are added to 
the top of the relevant stack, so that no re-writing of existing data is required. 

It is also preferred that when a data entry is deleted from one of the stacks, the 
data entry at the top of the stack is moved to occupy the space vacated by the 
deleted entry. This ensures that there are no gaps in the stack, and entails less re- 
writing than would be the case if all of the data entries above the deleted entry 
were shifted down by one space to fill the vacated space. 

Figure 2 illustrates an example of this, wherein one of the second data entries "d" 
of the second stack 22 of Figure 1 has been deleted and replaced by the data entry 
"a" which was previously located at the top of the second stack 22. Obviously, 
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this relocation of data entries does not apply if the entry deleted is the top entry 
in the stack. 

A wider range of data entry sizes can be provided by including one or more 
additional "floating" stacks, each for storage of data entries of a given 
predetermined size, between the first and second stacks located at the ends of the 
memory array. This allows data items to be allocated to data entries that are as 
close as possible in size to their own length. 

An example of this is illustrated in Figure 3, where a third, floating stack 24 is 
provided for the storage of third data entries 26 of a third predetermined size. The 
third stack 24 is located between the first and second stacks 1 8, 22, having a first 
end adjacent the top of the first stack 1 8 and a second end adjacent the top of the 
second stack 22. 

New data entries can be added to either end of the third stack 24. Preferably, new 
entries are added to that end which has the greatest amount of space between it 
and the top of the adjacent first or second stack 18, 22. When deleting entries 
from the third stack, the space vacated by the deleted entry can be occupied by 
an entry from either one of the ends of the stack. Preferably, the data entry which 
replaces the deleted entry will be moved from that end of the stack which has least 
space between it and the top of the adjacent first or second stack. 

By adding new entries to the end of the third stack having the greatest adjacent 
space and by moving entries, to replace deleted entries, from the end of the third 
stack having the least adjacent space, the third stack will tend to "float" towards 
the middle of the available memory space (illustrated by the shaded area in the 
drawings). 

In the event that a first or second data entry 16, 20 is to be added to the top of 
the first or second stack 1 8, 22 and there is insufficient space between the top of 
the relevant stack and the adjacent end of the third stack 24, the third stack 24 
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can be "rolled" away from the top of the relevant stack by moving a data entry 
from the adjacent end of the third stack 24 to the opposite end thereof. An 
example of this is illustrated in Figures 3 and 4 where, in Figure 3, the right hand 
end of the third stack 24 is too close to the top of the second stack 22 for a 
further second data entry to be added to the second stack 22. In Figure 4/ the data 
entry "g" has been moved to the opposite end of the third stack 24, making space 
available for a data entry "x" to be added to the top of the second stack 22. If 
there is insufficient space at the opposite end of the third stack 24 for it to be 
rolled along in this manner then the memory is full. 

In order to minimise re-writing of data, the third stack 24 is rolled along only when 
required. No attempt is made to maintain the third stack in the middle of the 
available memory space. However, as explained above, appropriate choices of the 
ends of the third stack to which entries are added, or from which entries are moved 
following deletions, will result in the third stack floating towards the middle of the 
available memory space. 

It is preferred that the third data entries of the third stack are larger than those of 
either the first and second stacks, as this guarantees that the rolling of a single 
third data entry will make space for a first or second data entry 1 6,20. Thus, the 
memory is used efficiently and the re-writing of data is minimised. If, in contrast, 
the third entries are smaller than the first or second data entries 16,20, it is 
possible that more than one third data entry will need to be rolled to make space 
-for a single first or second data entry 16,20. 

In principle, there may be multiple floating stacks between the first and second end 
stacks, and entries may be added to or moved from respective ends of such stacks 
in a manner similar to that discussed above in order to make space available 
between the adjacent ends of stacks as required and to cause the stacks to float 
towards median positions. 
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The number of stacks and the relative sizes of the different data entries associated 
therewith may be selected according to the nature of the data to be stored, so as 
to make the best use of the available memory. 

Figure 5 is a block diagram of a typical data processing system employing the 
memory 10 of the present invention. This system is illustrated by way of example 
only to demonstrate how the invention might be employed in practice. It will be 
understood that the details of a data processing system employing such a memory 
1 0 might vary widely in practice, as will be apparent to those of ordinary skill in the 
art. 

This typical system includes a microprocessor 30 which is connected by means of 
suitable data and address buses etc. to Read Only Memory (ROM) 32, for storing 
system operating programs, volatile Random Access Memory (RAM) 34 and the 
memory 1 0 as described above, represented here as EEPROM. The microprocessor 
30 would typically also be connected to other system components 36 such as 
input/output devices and. in the case of a mobile telephone, communications 
components. The microprocessor 30 controls the reading and writing of data to and 
from the EEPROM 10 in accordance with system programs stored in ROM 32. Upon 
boot-up of the system, the microprocessor might scan the contents of EEPROM 
10 and store relevant parameters, such as the current locations of the ends of the 
various stacks, and possibly selected data, in RAM 34. The operating programs 
stored in ROM 32 manage the operation of EEPROM 10. and may vary according 
to the specific application of the system. It will be understood that the 
management of the EEPROM 10, or other equivalent type of memory, can be 
effected by any other suitable control means adapted to implement the functionality 
of the memory 10. besides a microprocessor and associated ROM as described 
above. 

The data storage arrangement provided by the preferred embodiment of the 
invention makes more efficient use of available memory resources than existing 
arrangements for storing data entries of a single fixed length, provides near-zero 



fragmentation of stored data, and allows for minimal, on-going garbage collt 
These characteristics are particularly well suited to EEPROM storage, 
particularly for data storage in mobile telephones. 
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CLAIMS 

1 . Data storage apparatus comprising a one dimensional memory array having 
a first end and a second end and adapted to store first data entries having a first 
predetermined size in a first data stack extending from said first end thereof and 
to store second data entries having a second predetermined size differing from said 
first predetermined size in a second data stack extending from said second end 
thereof. 

2. Data storage apparatus as claimed in Claim 1, wherein data items to be 
stored are stored in that one of said first and second stacks for which the size of 
the corresponding data entry exceeds the length of the data item by the least 
amount. 

3. Data storage apparatus as claimed in Claim 1 or Claim 2, wherein new data 
entries are added to the tops of the first and second stacks. 

4. Data storage apparatus as claimed in Claim 1, Claim 2 or Claim 3, wherein, 
when a data entry is deleted from one of said first and second stacks, the data 
entry at the top of the stack from which the entry is deleted is moved to occupy 
the space vacated by the deleted entry. 

5. Data storage apparatus as claimed in any preceding Claim, further including 
a third data stack located between said first and second stacks for storing third 
data entries having a third predetermined size differing from said first and second 
predetermined sizes. 

6. Data storage apparatus as claimed in Claim 5, wherein said third 
predetermined size is greater than said first and second predetermined sizes. 

7. Data storage apparatus as claimed in Claim 5 or Claim 6, wherein said third 
stack has a first end adjacent the top of said first stack and a second end adjacent 
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the top of said second stack, and wherein new data entries added to said third 
stack are added to that end of the third stack which is furthest removed from the 
top of the adjacent first or second stack. 

8. Data storage apparatus as claimed in Claim 5, Claim 6 or Claim 7, wherein 
said third stack has a first end adjacent the top of said first stack and a second end 
adjacent the top of said second stack, and wherein, when a data entry is deleted 
from said third stack, the data entry at that end of the third stack which is closest 
to the top of the adjacent first or second stack is moved to occupy the space 
vacated by the deleted entry. 

9. Data storage apparatus as claimed in any one of Claims 5 to 8, wherein, if 
there is insufficient space between the top of said first or second stack and the 
adjacent end of said third stack for a first or second data entry to be added to the 
top of said first or second stack, the data entry stored at said adjacent end of said 
third stack is moved to the opposite end of said third stack. 

10. Data storage apparatus as claimed in any preceding Claim, wherein said 
memory array is provided by electronically erasable, programmable, read only 
memory means. 



